The Hurler syndrome, or mucopolysaccharidosis (MPS) IH, is a well-recognised, but uncommon, recessively inherited abnormality. Children affected by it have a characteristic appearance and have a deficiency of the enzyme a-L-iduronidase. It causes progressive mental and physical deterioration in affected children and death usually occurs by the age of 10. Other mucopolysaccharidoses, such as the Maroteaux-Lamy syndrome (MPS VI) , are even less common, but they also have their own characteristic morphological and biochemical features. These diseases share the common feature of excessive urinary mucopolysaccharide, increased levels of dermatan sulphate, heparan sulphate, or keratan sulphate being found. This paper documents 2 Australian aboriginal children who had the characteristic morphological features of the Hurler syndrome and biochemical evidence of a mucopolysaccharide disorder. Not only are they the first Australian aborigines to be described with a mucopolysaccharide disorder, but they represent a new form of MPS VI.
The clinical findings of these cases of MPS are presented with preliminary biochemical and enzyme assay findings. The origin of the gene mutation is dis-'This study was sponsored by the Royal Australian College of Ophthalmologists, and funded by the Commonwealth Department of Health under the provisions of the National Health Act.
Received for publication 29 November 1977 cussed and the pedigree traced. The proband was identified during eye examinations performed by the National Trachoma and Eye Health Programme.
Report offamily
The proband is a 5-year-old boy. He lives in the Neppabunna area of north-eastern South Australia. His parents are first cousins once removed, but belong to different sub-groups of the Gudnamutja tribe (Fig. 1) (Fig. 3) , kyphosis, an umbilical hernia, hepatosplenomegaly, and hazy corneae. Radiological examination showed the classical changes of dysostosis multiplex usually associated with the Hurler syndrome. Reilly bodies were found in her circulating lymphocytes. She was finally admitted to hospital at the age of 10 with pneumonia and otitis media. She developed meningitis and septicaemia and died.
At necropsy, the brain showed the features of hydrocephalus. The meninges were thickened and oedematous. There was a heavy infiltrate of foamy macrophages and polymorphs. Neurones showing hypoxic and ballooned storage changes were seen. The neuroglial network was loose and oedematous. Excessive lipofuschin was seen, as was an occasional Zebra body. The pituitary showed numerous vacuolated acidophils.
The heart showed focal myofibrillary fat change and valvular and perivalvular endocardial fibrosis. There were numerous histiocytes in the collagenous valve tissue.
The liver showed excessive portal fibrous tissue, Kupffer cell hyperplasia, and slight centrilobular fatty change. Slight PAS positive material was found after digest clearing, and toluidine blue metachromatic material was found in frozen sections.
The spleen was depleted of white pulp and had foamy storage histiocytes. In the kidney, there was mild tubular fatty change, focal calcification, and protein casts. The suprarenal gland showed severe lipid depletion. There was severe atrophy of the thymus. Growth arrest had occurred at the costochondral junctions. The lungs showed the changes of bronchopneumonia.
The proband's younger sister (V.35), aged 18 months, was regarded by the family as a normal infant. Her height was 77 cm (25th centile). She had a broad saddle nose with nasal obstruction (Fig. 4) , but her mouth, tongue, and dentition were normal for age. Her hands and feet were normal, and her joints freely mobile. The ribs were splayed and there was a soft systolic murmur at the left sternal edge. Her adbomen was protuberant and 6 cm of firm liver was palpable. teeth, and a large tongue (Fig. 5) . She suffered from nasal obstruction and sinusitis. Her neck was short and thick and her hands were small, with shortening of the metacarpals and flexion deformity of the 5th fingers. Joint mobility was slightly reduced, being more obvious in her wrists. She had severe restriction of right shoulder movement with crepitus, and restricted movement in her left knee and ankle. She had genu valgum. The left leg was deformed with large exostoses at each end of the tibia and fibula. Her feet were broad with webbing of the second and third toes, and an overriding fourth toe on each foot.
The abdomen was pendulous. She had an umbilical hernia, but no inguinal herniae were present. There was a right lower paramedian scar following hysterectomy 5 years previously for chronic cervicitis and endometrial polyps. The liver was firm and palpable 7 cm below the costal margin. The tip of her spleen was also palpable. Her lower ribs were splayed and she had poor chest expansion. A loud systolic murmur at the left sternal edge and a third heart sound were audible. She had fine lanugo, especially on the face and back. She showed moderate mental retardation and her hearing was normal.
Ocular examination showed a mixed astigmatism, which, when corrected, resulted in an acuity of 6/6 on the right eye and 6/9 on the left, despite early cortical lens opacities. Her corneae were clear and bright, apart from a 2 mm trachomatous pannus and Herbert's pits in each eye. She showed moderate scarring of her tarsal conjunctiva and mild papillae formation.
Examination of hospital records showed that previous syphilis serology had been negative. X-rays had shown exostoses of the right acromion, the right clavicle, the heads of the radii, the left tibial and fibular heads, and the lower end of the left fibula with tibiofibular fusion. X-rays confirmed the shortening of all metacarpals and the fourth metatarsals.
The pedigree for the family (Fig. 1) was constructed from information supplied by the relatives and where possible was confirmed by local and mission records of births, deaths, and marriages. Included are 262 people.
Apart from the 4 cases presented, another 57 members of the family were examined, none of whom showed any stigmata of an MPS disorder, though a 9-year-old male cousin (V.38) was deaf and dumb. Two great-uncles (111.2, 111.3) were said to have been mentally retarded and to have died at the ages of 60 and 62 without marrying or having children. Those questioned reported no other family members with significant physical or mental abnormalities. Two stillbirths (V.23, V.24) and 4 deaths in infancy (IV.11, IV.13, IV.63 from diphtheria, and IV.71 from whooping cough) were noted.
BIOCHEMICAL INVESTIGATIONS
Urine and skin biopsies were taken from members of the affected family. Peripheral blood leucocytes were also obtained from the proband. Early morning urine collections were screened for the presence of mucopolysaccharides (Table 1) .
Sequential thin layer chromatography (Humbel and Chamoles, 1972) was also performed on the urine obtained from the proband. Dermatan sulphate and heparan sulphate were present in large quantities and chondroitin-4-sulphate was markedly raised. Semiquantitative estimation of the visualised glycosaminoglycans indicated that dermatan sulphate was the major component.
Enzyme assays were performed on cells grown in tissue culture (Table 2) . The assay for a-L-iduronidase was based on the breakdown of iduronosyl (3H) anhydromannitol sulphate to (3H) anhydromannitol sulphate (Hopwood and Muller, 1977; Hopwood, 1978) . Arylsulphatase B was separated electrophoretically from arylsulphatase A (Rattazzi et al., 1973). Some modifications were used to improve separation and to quantify arylsulphatase B activity as a percentage of arylsulphatase A and B. These tests showed the presence of mucopolysaccharides in the urine of the 2 affected children (V.34 and V.3 1). Mucopolysaccharides were not raised in the urine of other family members. The enzyme studies showed normal a-L-iduronidase levels and low arylsulphatase B levels in the affected children. Both enzymes were normal in the others. These findings give a biochemical diagnosis of Maroteaux-Lamy type mucopolysaccharidosis (MPS type VI).
Tests for mucopolysaccharide disorders were normal in the second cousin (IV. 13) ( Table 1) . Assays showed that the activity of the following enzymes in her fibroblast cultures were normal: hexosaminidase A and B, f-galactosidase, a-galactosidase, a-mannosidase, a-glucosidase, fl-glucosidase, and,-glucuronidase.
Discussion
The 
